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608a Wednesday, February 6, 2013than Nck clusters. We therefore co-aggregated trans-membrane VCA domains
with ‘‘dummy’’ fusion proteins. However, morphology and dynamics of VCA
actin structures did not alter significantly, suggesting density alterations cannot
explain differences between Nck and VCA-induced structures. We are now
testing whether higher VCA turnover and additional Nck binding proteins
could explain the more dynamic nature of Nck-induced structures. Understand-
ing the basis for the differences between the Nck and VCA induced actin as-
semblies will advance our knowledge of RTK signaling to mobilize actin
cytoskeleton.
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The Tie family of receptor tyrosine kinases (RTKs) regulate a number of
angiogenic processes that are critical in vascular development, as well as
vascularization of tumor masses. The current signaling paradigm is that
angiopoietin (Ang)1 binds to Tie2, promoting Tie2 homodimerization
and autophosphorylation. This in turn results in cell proliferation, vessel
branching, and sprouting. The extracellular regions of the Tie receptors
contain three each of immunoglobulin-like (Ig) domains, EGF-like do-
mains, and fibronectin type III (FNIII) domains. The structure of the Ig/
EGF domain region of Tie2 in complex with an Ang protein has been de-
scribed. However, this structure does not fully explain receptor activation
or dimerization. Focusing on the three membrane-proximal FNIII domains -
missing from the previously reported structure - we have found that this re-
gion can independently drive Tie2 dimerization, indicating that the FNIII
domains play an important role in defining the activated dimeric configura-
tion of this receptor. To determine the molecular basis for this observation
we have solved a 2.5 A˚ resolution crystal structure of the Tie2 FNIII do-
mains, which reveals a domain architecture with intermolecular interactions
between the second and third FNIII domains that are highly reminiscent of
those seen in ligand-induced dimers of the hGHR receptor. Guided by this
crystal structure we have generated mutations in the region that defines re-
ceptor dimerization. These mutations appear to reduce dimer formation in
solution, and to reduce Ang1 stimulated phosphorylation of Tie2 in a cellu-
lar context.
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Receptor tyrosine kinases (RTK)s are high-affinity cell surface receptors
known to have a critical role in the development of many types of cancer. So
far, approximately 20 different RTK classes have been identified. Among
them the RTK class I (EGF receptor) and class I (Insulin receptor).
We used an assay combining TIRF microscopy and micro-patterned surfaces,
which can be applied for the detection of protein-protein interactions in and
near the cell membrane in vivo.
The first part of our work focuses on the Insulin-receptor (IR) and the
Insulin-like growth factor 1 (IGF-1) receptor. Like other RTKs, the IR me-
diates its activity by causing the addition of phosphate groups to intracellular
substrate proteins. Thus, cytosolic proteins named Insulin receptor substrates
(IRS) are phosphorylated, which finally leads to an uptake of glucose by glu-
cose transporters. We used the m-patterning assay to analyze the interaction
properties of different IRS-proteins with the IR and the IGF1-R. Our results
indicate prominent differences in the interaction strength of IRS1 and IRS2
to the IR/IGF1-R, compared to the one of IRS3. FRAP-experiments proved
different off-rates of IRS1 and IRS2. In the second part of the presented
work we describe the interaction of the epidermal growth factor receptor
(EGFR) with an important intracellular binding protein termed Grb2 using
the same technique. Performed experiments confirm the strong interaction
of these two molecules. Induction with EGF promotes the translocation of
Grb2 into Clathrin Coated Pits (CCP)s only within EGFR-enriched mem-
brane regions.
Taken together presented results approve the power of the m-patterning tech-
nique to study the interaction properties of plasma-membrane localized recep-
tors. In the near future our established cellular systems will be used to study the
effects of active pharmaceutical ingredients including plant metabolites on the
interactions of membrane receptors.3131-Pos Board B286
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Signal transduction is involved in the control of various essential biological
processes such as cell growth, regeneration and apoptosis. Cytokines function
as regulators of acute phase response during injury of infection, but are also in-
volved in haematopoiesis, liver and neuronal regeneration. Two gp130 cyto-
kine receptor forms a hexameric complex with two alpha-receptors (IL-6Ra)
and two interleukin 6 (IL-6). This receptor complex formation initiates signal
transduction via the JAK/ STAT pathway, i.e. tyrosine kinases of the Janus
family activate signal transducers and activators of transcription. Some struc-
tural information is known about the ectodomain of the gp130 receptor com-
plex, while the structures of the transmembrane and juxtamembrane regions
are currently unknown.
Here we apply multi-scale molecular dynamics simulations to shed light on
some of the steps occurring within or in proximity to the membrane during sig-
nal transduction via the gp130 receptor complex. Coarse-grained (CG) simula-
tions are performed to capture events occurring on long time-scales such as
formations of protein-protein and protein-lipid interactions. The information
obtained from the CG simulations is then further refined by conversion to atom-
istic (AT) simulations. The computational studies highlight the effect of lipid
composition on protein-protein assembly within the lipid bilayer. Additionally
the consequences of the juxtamembrane regions on protein-protein and protein-
lipid interactions patterns have been explored and the results reveal a central
role of intracellular basic residues not only on the interactions between proteins
but also with the membrane. The protein-protein association has additionally
been probed in physiological relevant membranes, which are complex in com-
position and asymmetric between the upper and lower leaflet.
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Glycolipids are an important component of the plasma membrane, and often
play important roles in the spatial organization of membrane proteins. Our
group is interested in the role of enzymes which alter the glycolipid composi-
tion of the plasma membrane in lymphocytes. Glycosyl hydrolase enzymes
which catabolize membrane glycolipids have been proposed to regulate recep-
tor signaling by altering membrane glycolipid composition. The human neur-
aminidase 3 (NEU3) is a membrane-associated enzyme that cleaves terminal
neuraminic acid (also known as sialic acid) residues from membrane glyco-
lipids, such as GM3. Cells treated with recombinant NEU3 show changes in
their glycolipid composition, thus making NEU3 a powerful tool for probing
the role of gangliosides in receptor biophysics. Using single dye tracking
(SDT) of membrane receptors by total-internal reflection fluorescence (TIRF)
microscopy, we have examined the influence of glycolipids on the lateral dif-
fusion of membrane proteins on lymphocytes. We first examined the T cell in-
tegrin, LFA-1. SDT data show clear changes in LFA-1 diffusion, with an
increased population of receptors with a large diffusion coefficient after
NEU3 treatment. Imaging of LFA-1 by TIRF shows that NEU3 treatment re-
sults in co-localization of GM1 and LFA-1, which is distinct from its localiza-
tion in cells activated with phorbol-12-myristate-13-acetate. To understand the
generality of this observation, we examined the influence of NEU3 treatment
on the B cell receptor (BCR) complex. NEU3 treatment again increased the
proportion of mobile receptors in the B cell membrane relative to control. A
similar increase in mobile receptors was observed when cells were activated
with PMA. We will present our analysis of SDT and imaging data which sup-
port that altering the membrane composition of lymphocytes by NEU3 treat-
ment results in changes to the lateral mobility and subcellular localization of
specific receptors.
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Wednesday, February 6, 2013 609aDespite continuous progress in understanding structure-function relationships
in platelet integrin aIIbb3, there is still limited understanding of the roles of di-
valent metal ions in ligand binding and outside-in signaling. Ligand-bound
aIIbb3 crystal structures have provided evidence for a direct interaction be-
tween the ligand and a Mg2þ ion in the b3 bI MIDAS domain. We recently pro-
vided crystallographic evidence for a novel mode of ligand binding through
displacement of the Mg2þ from the MIDAS. Experiments also suggest that:
i) both Ca2þ and Mg2þ can support fibrinogen binding to aIIbb3, ii) Ca2þ
may inhibit the aggregation-induced release reaction that is supported by
Mg2þ, and iii) Ca2þ can bind to the MIDAS of the recombinant isolated b3
bI with higher affinity than Mg2þ. Notwithstanding these observations, there
are no b3 integrin crystal structures in which the MIDAS is occupied by
Ca2þ, and Mg2þ occupancy of the MIDAS is only obtained in crystals that
are prepared in buffers containing supraphysiological concentrations of this
ion. To provide quantitative estimates of the relative affinities of Mg2þ and
Ca2þ for the MIDAS under physiological conditions, we carried out ion binding
free-energy calculations of the closed aIIbb3 headpiece using a free-energy
perturbation approach based on classical all-atom molecular dynamics simula-
tions. Specifically, a total of ~2 microseconds of independent simulations in
which we slowly turned off the Hamiltonian describing the Mg2þ (or Ca2þ)
ion in solution or in the MIDAS were performed to estimate the ion preference
for this site. The results of these simulations suggest almost equivalent binding
affinities of Mg2þ and Ca2þ for the MIDAS which we used to derive the occu-
pancy of the MIDAS by these ions at different concentrations, including their
physiologic plasma concentrations.
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Signal transduction is essential for many biological processes, such as mitosis,
cell regeneration, and muscle contraction. Muscle-Specific Kinase (MuSK) is
in a complex with low-density lipoprotein receptor-related protein 4 (LRP4),
and upon binding of the substrate Agrin to LRP4, conformational changes of
these proteins initiate a signalling cascade, stimulating aggregation of acetyl-
choline receptors (AChRs), which results the downstream organization of neu-
romuscular synapses. Mutations and/or autoantibodies against MuSK affects its
ability to aggregate acetylcholine receptors, resulting in the disease myasthenia
gravis, which is characterised by impaired muscle contractions. Approximately
70% of the structure of the full-length MuSK protein has been determined (con-
sisting of the most of the extracellular domain and the intracellular kinase do-
main). However, crucially the transmembrane domain has not been
characterised, and the structure of the transmembrane dimer that MuSK forms
has not been determined. Here we apply a multi-scale MD simulation method to
examine at the behaviour of MuSK TM helices in a lipid bilayer vs. a detergent
micelle environment. Coarse-grained (CG) simulations, which make an ex-
tended timescale readily accessible, are used to examine initial TM helix
dimerisation events. Subsequent atomistic simulations serve to refine the model
of the interactions observed in CG simulations. These computational studies
highlight the effect of lipids vs. detergents on the interactions of the transmem-
brane helices within the dimer.
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Focal adhesion kinase (FAK) has elicited great interest because it is essential
for embryonic development, and is implicated in cancer metastasis and heart
disease. FAK is a highly versatile multidomain nanomachine that controls
adhesion-dependent cell motility, survival, and proliferation. FAK has different
functions in different cellular compartments. For example at focal adhesions,
FAK regulates integrin signaling in a kinase-dependent manner, whereas in
the nucleus it exerts kinase-independent anti-apoptotic effects. Although
FAK plays a major role in human health and development, the structural mech-
anisms regulating its activity and subcellular localization remain unclear. Using
x-ray crystallography, small angle x-ray scattering, biochemical, and functionalanalyses, we provide first structural insights into full-length FAK. We show
how the interplay between FAK’s several domains controls site-specific activ-
ity of FAK. By regulating these interactions, ligands localized at focal adhe-
sions synergistically promote FAK activation. Our results reveal how FAK
detects the coincidence of multiple signals to generate an environment-
specific outcome.
3136-Pos Board B291
Mechanical Signal Transduction via Phosphorylation of the Focal
Adhesion Targeting Domain of Focal Adhesion Kinase
Steven M. Kreuzer, Tess J. Moon.
University of Texas at Austin, Austin, TX, USA.
Focal adhesion kinase (FAK) is a key component of the ECM-to-cytoskeleton
signaling pathway triggered by mechanical stimulation. FAK’s C-terminal fo-
cal adhesion targeting (FAT) domain, which binds to the LD motifs of the scaf-
fold protein paxillin, localizes FAK to focal adhesions. Phosphorylation of
FAT’s Y925 promotes association between FAK and GRB2, activating the
Erk2/MAPK pathway. Results of equilibrium and mechanically loaded MD
simulations on FAT, bound at its two hydrophobic patches by LD motifs, are
presented. Equilibrium simulations reveal that (i) FAT’s N- and C-terminal
tails shield Y925 from solvent exposure and (ii) FAT exhibits no proclivity
for unfolding or loss of tertiary structure required for Y925 phosphorylation.
Conversely, applied loads pull these tails away from Y925 and assist FAT’s
a-helix 1 unfolding. Thus, the degree of
H1 unfolding provides a demonstration of
a mechanism for Y925 phosphorylation un-
der moderate loads over timescales ineffec-
tive in exposing Y925 in the absence of
load. This provides a novel, atomically de-
tailed illustration of mechanotransduction
across a single protein-protein interac-
tion–FAT/paxillin LD motif–at physiologi-
cally relevant load levels and time scales,
all while mimicking mechanical con-
straints imposed by focal adhesions.3137-Pos Board B292
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MUC1 is a heterodimeric protein consisting of two subunits: the N-terminal,
heavily glycosylated subunit, and the C-terminal transmembrane subunit.
The C-terminal subunit (MUC1-C) is made up of a cytoplasmic tail, a trans-
membrane domain (TMD) and an extracellular domain which interacts non-
covalently with the N-terminal subunit (MUC1-N). MUC1 is expressed on
the apical borders of most simple secretory cells and is thought to play a role
in immune defense and anti-adhesion. Overexpression of MUC1 is shown to
be involved in increased metastatic behavior of cancer cells and is considered
a marker indicating poor prognosis in breast cancer patients. The MUC1-C sub-
unit has been shown to form homodimers. Homodimerization of MUC1 is re-
quired for its nuclear localization and subsequent interactions with various
nuclear transcription factors. Such interactions are known to promote the
production of proteins involved in cell proliferation and survival signals. The
cytosolic domain of MUC1-C contains a membrane proximal cysteine-
glutamine-cysteine (CQC) motif that has been suggested to be involved in
MUC1 dimerization. However, its role in dimerization is still unclear. Cur-
rently, we are evaluating the role of the CQC motif in the dimerization of
the MUC1 TMD and MUC1-C. Our goal is to obtain structural information re-
garding the MUC1 homodimer and the physical principles driving dimerization
of MUC1 in the plasma membrane.
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Depression is a major public health problem, and existing treatments are fo-
cused on alleviating the symptoms rather than addressing the etiology of the
disease. To understand the fundamental neurobiology of depression, it is nec-
essary to elucidate the signaling pathway of hormones and neurotransmitters.
Recent studies suggest that lipid rafts can facilitate selective protein-protein
interactions by excluding or including proteins and thereby modulating
